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There is Life on Earth!

© 2017 California Institute of Technology. Government sponsorship acknowledged.




nd How Llfe Started on Earth?

NASA and other Space Agencies Worldwide are working
Together to Answer the Second TWO Questions!







gSearch for Life in Our Solar System
The Ocean Worl‘ds;

h

Four Essentials for Life (that we know)
Water
Energy
Organic Matter
Minerals

World Definition:
- The Earth, together with all its countries, peoples, and natural features.
- The Planet that we (the Humans) live on.

New Definition: A Body in the Universe that is Special for Something




What are the Ocean Worlds?
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alileo Spacecraft @ Europa (1996)
_~ .;. .‘. .,."._".’: 9 - I,;z;’

Named after Gélileo Galilei, the NASA Galileo Spacecraft took a
close look at Europa and found indications for subsurface oceans!
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NASA JUNO Mission to Jupiter

B The Dancing Moons: lo, Europa,Ganymede, and Callisto

Orbit Period Ratio: 1: 2: 4: 9.4
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Jupiter and Its Moons
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Ganymede

-

Callisto

Galileo spacecraft, 1995-2003




What is Special About Europa?
- » h o i .-:-9' o “m,
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Is Europa Habitable?
; .b e 3 .*‘.-..': 4 - /’\:

Organics

Very Likely that Europa has organics in the liquid oceans (brought
externally by comet impacts or fractionated internally)




Vhat We Don’t Know About Europa
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¢gEuropa Clipper Launch and Trajectory
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EVEEGA Interplanetary Trajectory
EELV Launch Option— (Delta-IV Heavy, Falcon Heavy)
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OrsimaL Tour
‘ foi- . January 2030 ~ Juuy 2033

Jupirer ORBIT INSERTION
January 2030

Venus Fuysy
Novemser 2023

42 Eurora FLyBys
R - 4 Ganymepe Frysys
LAUNCH . 8 CaLuisto FuyBYs
June 2022
Care CanAVERAL, FL
EELV

21 Day launch period opens June2022
Earth/Venus/Earth/Earth Gravity Assist
Arrive Jovian System January, 2030 (7.5 Years)




¢europa Clipper Launch and Trajectory

Direct to Jupiter Trajectory
SLS Launch Option

ORsITAL TOUR
6 poe- . May 2026 — Nov 2028

JUPITER ORBIT INSERTION
Dec 2024 or Mar 2025

Deep Space MANEUVER ' 42 Europa FLyeys

Jan 2023 — Mar 2023 | 4 Ganymepe Fuyeys

8 CaLusto Fuysys

21 Day launch period opens June 2022
Arrive Jovian System March, 2025 (2.7 Years)




Europa Clipper Science Orbit Strategy

g

:.‘ il -.

O rbltn+1

* Intensive science data taking Apojoven,

around closest approach (C/A)

» Remainder of orbit is predominantly

calibration and data playback CIA— 2 days

* Flyby strategy limits time
in high-radiation environment
and optimizes data volume
acquired and returned

Orbit,,

Europa’s orbit

Orbit of Europa

Flyby

@ Orbit Trim Maneuver

Playback C Calibration
Departure M Mass Spectrometer
P CIA + 2 days Cryoanalysis

21




ArE;u ey of the Europa Clipper Mission

Galileo Spacecraft takes a close look at Europa (1996)

Europa Orbiter Science Definition Team (1999)

A Science Strategy for the Exploration of Europa,
COMPLEX, National Research Council (1999)

NASA Campaign Science Working Group on
Prebiotic Chemistry in the Solar System (1999)

New Frontiers in Solar System Exploration, Decadal Survey, (2003)

Jupiter Icy Moons Orbiter (JIMO) Science Definition Team (2004)

Scientific Goals and Pathways for Exploration
of the Outer Solar System, OPAG (2006)

NASA Solar System Exploration Roadmap (2006)
Europa Explorer (EE) Report (2007)

Jupiter Europa Orbiter Mission Final Report (2008)
Europa Study Report (2012)

After 19 Years since Galileo Mission met Europa,
Rigorous Science Data Analysis, Several Science Definition
Reports, and Meticulous Planning,

Europa Clipper Mission was born in 2015.




- Europa Clipper Science Approach

Enable global coverage of regions of Europa from Jupiter orbit
Acquire high-quality data despite the intense Europa radiation
environment

Ensure capability for obtaining synergistic data from all instruments
simultaneously and during each flyby, in a simple and repeatable manner
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Mass Spectrometer
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lce-Penetrating Radar
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NASA’s Flagship Mission to Europa
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asaz«lIce Spectroscopy Laboratory (ISL) @ JPL
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" Extremely Harsh Radiation on Europa
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* Maximum permissible dose for humans (astronauts) = 25 rem/year
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fopa’s Surface is drenched with Radiation
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Plot from: Paranicas et al. (2002)
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Radiation Protected

Secondary
Electrons (e7)

Tertiary
Electrons (e7)
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Secondary
Photons
(X-ray to UV)
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=""~’f,""EIectron Radiation at Europa: Laboratory

T T Slmulatlons on Earth
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ICE HEART @ ISL

>

(lce Chamber for Europa;s High-Energy
Electron And Radiation-Environment Testing)

Var able Length Ice Sample Compartment

Designing and building ICE- HEART for Europa_
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: 3

Outer Telescope with
vacuum seal O-rings.

Inner 2.5-inch diameter
tube for water ice frozen
in the tube or loaded as
crushed powder.

Ice Core @ 110 K

Insulated for 100 K operation
Using liquid nitrogen cooling.
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Uhen)
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F Electron Sources Cover 300 keV to 28 MeV
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““ICESHEART Crew in Action @ NIST MIRF

lce Sample Handling in (subsequen
High-Radiation Environment
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Conclusion

How Deep Below the Ice Surface are the Oceans?
Are there Pockets (Lakes) near the Surface?
Are there tracers of Life?

Are there plumes like Old-Faithful on Europa?
And so on...




Thank You
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